Background: Whether ASPECTS 5 and ASPECTS 6 were significantly different on clinical outcomes in acute anterior circulation ischemic stroke undergoing endovascular treatment remains unclear. We aimed to retrospectively compare the effectiveness and safety of ASPECTS 5 and ASPECTS 6 in acute anterior circulation large-artery occlusive stroke patients. Methods: A total of 41 patients, 14 in the ASPECTS 5 group and 27 in the ASPECTS 6 group, were enrolled between January 2014 and June 2016. Modified Rankin Scale 0-2 was considered as good functional outcome. Symptomatic intracerebral hemorrhage at 72 hours and mortality at 90 days were recorded. Results: Good functional outcome at 90 days in the ASPECTS 5 group (0% (0/14)) was significantly lower than that in the ASPECTS 6 group (25.9% (7/27)) (p ¼ 0.04). Rates of symptomatic intracranial hemorrhage (21.4 (3/14) vs 18.5% (5/27), p ¼ 0.83) and mortality (64.3% (9/14) vs 44.4% (12/27), p ¼ 0.23) within 90 days were not significantly different. There is a trend for a lower rate of successful reperfusion in the ASPECTS 5 group (71.4% (10/14) for ASPECTS 5 vs 92.6% (25/27) for ASPECTS 6, p ¼ 0.07). Conclusions: ASPECTS 5 has very little chance to reach good functional outcome in Chinese patients with anterior circulation large-artery occlusive stroke. Future studies with large sample sizes are needed.
Introduction
Recent clinical trials [1] [2] [3] [4] [5] demonstrated that endovascular treatment (EVT) could benefit patients with acute anterior circulation occlusive stroke more than standard medical care. Consequently, the 2015 American Heart Association (AHA)/American Stroke Association (ASA) focused update of the 2013 guidelines for the early management of patients with acute ischemic stroke regarding EVT recommended patients should receive EVT with a stent retriever if they had a prestroke modified Rankin Scale (mRS) score of 0 to 1, causative occlusion of the internal carotid artery (ICA) or proximal middle cerebral artery (MCA) (M1), National Institutes of Health Stroke Scale (NIHSS) score of 6, Alberta Stroke Program Early CT Score (ASPECTS) of 6, and treatment can be initiated (groin puncture) within six hours of symptom onset (Class I; Level of Evidence A). 6 A recent meta-analysis even extended the time window of onset to groin puncture to 7.3 hours. 7 The ASPECTS 8 quantifies early ischemic changes in the MCA territory on computed tomography (CT), ranges from 0 to 10, with 8-10 indicating a small infarction core, 5-7 indicating moderate infarction, and 0-4 indicating large infarction. In the guideline, EVT with stent retrievers may be reasonable for patients with ASPECTS <6 (Class IIb; Level of Evidence B-R). 6 A retrospective study by Noorian et al. comparing EVT with medical therapy in acute large-artery occlusion patients with ASPECTS 5-7 found that EVT may result in lower degrees of disability and may lessen the need for hemicraniectomy. 9 However, a metaanalysis by Goyal et al. on randomized controlled trials revealed that EVT may not provide a benefit over medical therapy in a subgroup of ASPECTS 0-5. 10 ASPECTS 5 as the cut-off, however, as to whether the outcomes of patients with ASPECTS 5 were significantly poorer than ASPECTS 6, has not been investigated.
Therefore, our study aims to investigate the differences of clinical outcomes between ASPECTS 5 and ASPECTS 6 in Chinese acute stroke patients with anterior circulation large-artery occlusion within 7.3 hours of stroke onset. We hypothesized that patients with ASPECTS 5 may have a significantly lower proportion of good functional outcome at 90 days, higher rate of symptomatic intracerebral hemorrhage and higher rate of mortality at 90 days when compared with ASPECTS 6.
Methods Participants
Individuals were included from the Endovascular Treatment for Acute Anterior Circulation (ACTUAL) 11 ischemic stroke registry, which enrolled acute ischemic stroke patients older than 18 years, with anterior circulation proximal large-artery occlusion who all received EVT from 21 stroke centers across 10 provinces in China between January 2014 and June 2016. Details of the ACTUAL registry were published previously. 11 The registry was approved by the ethics committees of the central research institution, Nanjing Jinling Hospital, and collaborating centers.
We included patients from the ACTUAL database if they fulfilled the following inclusion criteria: (1) time from onset to groin puncture 7.3 hours; (2) preoperative ASPECTS 5 or 6; (3) the culprit large vessels included ICA, M1/M2 segment of the middle cerebral artery (MCA); (4) stent retriever thrombectomy was performed; (5) premorbid modified Rankin Scale (mRS) <2. We excluded patients with dissection or aneurysm.
Baseline characteristics
We collected patients' demographic data, medical history (hypertension, hyperlipidemia, diabetes mellitus, etc.), laboratory findings (neutrophil to lymphocyte ratio (NLR), glucose, lipid profile, etc.), neuroimaging parameters (infarct size, collaterals, recanalization, intracerebral hemorrhage), stroke causes (Trial of ORG 10172 in Acute Stroke Treatment (TOAST) types 12 ), stroke severity (NIHSS score 13 ), time interval (from symptom onset to groin puncture).
All imaging data were sent to the core laboratory in Jinling Hospital, and two physicians who were blinded to the clinical data assessed the images separately, with the third physician's advice in case of disagreement. We used the American Society of Interventional and Therapeutic Neuroradiology/Society of Interventional Radiology (ASITN/SIR) grading on digital subtraction angiography to evaluate collateral flow. It ranges from grade 0 (no collaterals) to grade 4 (complete and rapid collateral perfusion to the ischemic bed). 14 Recanalization was evaluated by the modified Thrombolysis in Cerebral Infarction (mTICI) scale; grade 2b/3 was defined as successful reperfusion. 14 If recanalization of the targeting artery failed, rescue therapies, such as balloon angioplasty, stent implantation, intra-arterial thrombolysis, or intracatheter tirofiban administration, might be performed.
Outcomes
Outcome measures including mRS at 90 days, mortality in hospital and at 90 days, as well as symptomatic intracerebral hemorrhage (sICH) at 72 hours were recorded. The functional outcomes were assessed with mRS at 90 days after onset, with good functional outcome as mRS 0-2. 15 Follow-up of mRS at 90 days was carried out by individual centers, either by telephone or outpatient visit. sICH was defined by the criteria of the Heidelberg Bleeding Classification. 16 sICH was diagnosed if the new observed ICH was associated with any of the following conditions: (1) NIHSS score increased >4 points than that immediately before worsening; (2) NIHSS score increased >2 points in one category; (3) deterioration led to intubation, hemicraniectomy, external ventricular drain placement, or any other major interventions.
Statistical analysis
Median (interquartile range) and frequency (percentage) were used to describe continuous variable and categorical variable. Mann-Whitney U tests for numerical variables and trend tests for ordinal variables were used to compare the differences in baseline characteristics and outcomes between the ASPECTS 5 group and ASPECTS 6 group. Because of the limited sample size, logistic regression for functional dependence (mRS 0-2) could not be performed. Statistical analyses were conducted using the SPSS version 22 software package (IBM, Chicago, IL, USA), and two-tailed p values of <0.05 were considered statistically significant.
Results

Participants
We retrieved 41 patients who underwent stent retriever thrombectomy with ASPECTS 5 and 6 out of the total of 698 patients in the registry between January 2014 and June 2016. Ten of the 21 stroke centers had ASPECT 5 patients. Fourteen patients were ASPECTS 5, and 27 patients were ASPECTS 6. Regarding the inter-rater reliabilities for imaging evaluations between the two physicians, the kappa value for ASITN/SIR rating and mTICI score was 0.895 and 0.920, respectively. The intraclass correlation coefficient by single measures for ASPECTS was 0.701 (0.505-0.829). Table 1 shows comparisons of baseline characteristics between ASPECTS 5 and ASPECTS 6. The baseline characteristics including age, sex, hypertension, atrial fibrillation, hyperlipidemia, diabetes mellitus, NLR, glucose, collateral flow and procedural times were not statistically different between the two groups (p > 0.05). All patients with ASPECTS 5 had moderate to severe NIHSS at admission (10); three patients with ASPECTS 5 had NIHSS at admission<10. No significant difference was found on NIHSS at admission between the two groups (p ¼ 0.81). Table 2 shows the comparisons of clinical outcomes between these two groups. Patients with ASPECTS 5 had a significantly higher proportion of mRS score of 3-6 (100% (14/14)) than that of patients with ASPECTS 6 (74.1% (20/27)) (p ¼ 0.04). The odds ratio for ASPECTS 6 for good functional outcome over ASPECTS 5 was 1.36 (95% confidence interval: 1.08-1.69). Figure 1 shows the distribution of mRS score between the two groups. The ASPECTS 5 group also had a trend for lower successful recanalization rate (71.4% ( 
Comparisons of baseline characteristics and outcomes
Discussion
Based on a large retrospective registry, our study found that no patients with ASPECTS 5 had good functional outcome (mRS 0-2) at 90 days. Patients with ASPECTS 5 had a significantly higher rate of poor functional outcome (mRS 3-6) than patients with ASPECTS 6. No differences were found between these two groups on sICH or mortality in hospital or at 90 days.
Although the EVT proved to be effective for acute stroke patients with anterior circulation large artery occlusion, the indication of patients with ASPECTS<6 had not yet been fully investigated. The Multicenter Randomized Clinical trial of Endovascular treatment for Acute ischemic stroke in the Netherlands (MR CLEAN) study 1 involved patients with all ASPECTS ranges. It was the only positive trial that permitted enrollment in patients with ASPECTS <6. The treatment effect in that trial favored intervention in all three ASPECTS subgroups of 0 to 4 (28 patients), 5 to 7 (92 patients), and 8 to 10 (376 patients). 1 The Trial and Cost Effectiveness Evaluation of Intra-arterial Thrombectomy in Acute Ischemic Stroke (THRACE) study 17 also enrolled all ranges of ASPECTS patients. In the ASPECTS 5-7 subgroup, EVT was not superior to intravenous recombinant tissue-type plasminogen activator (rt-PA) with an odds ratio of 0.5 (95% confidence interval: 0.05-4.98). 17 The outcomes on the subgroups of ASPECTS 5 and ASPECTS 6 have not yet been reported. Other clinical trials (Endovascular Treatment for Small Core and Anterior Circulation Proximal Occlusion with Emphasis on Minimizing CT to Recanalization Times (ESCAPE), 3 Extending the Time for Thrombolysis in Emergency Neurological Deficits-Intra-arterial (EXTEND-IA), 2 Solitaire TM With the Intention For Thrombectomy as PRIMary Endovascular Treatment (SWIFT PRIME) 4 and Randomized Trial of Revascularization with Solitaire FR Device versus Best Medical Therapy in the Treatment of Acute Stroke Due to Anterior Circulation Large Vessel Occlusion Presenting within Eight Hours of Symptom Onset (REVASCAT) 5 ) enrolled patients ASPECTS 6.
Our study was the first study to directly compare the outcomes of ASPECTS 5 and ASPECTS 6. It revealed that none of the patients with ASPECTS 5 achieved good functional outcome. Patients with ASPECTS 5 had a significantly higher rate of poor functional outcome than those with ASPECTS 6. It is reasonable that patients with a larger infarct core may have a lower rate of successful recanalization and higher risk for sICH. Although both recanalization rate and sICH were not statistically significant, numerical recanalization rate was lower and sICH was higher in the ASPECTS 5 group, which may be associated with its higher functional dependence rate.
There is a trend that ASPECTS 5 has a lower rate of successful recanalization due to the limited sample size. The ASPECTS may be a reflection of collateral flow and occlusion site, which were associated with recanalization as well. Although these variables were balanced between ASPECTS 5 and ASPECTS 6, the proportion of good collateral flow was relatively numerically lower in ASPECTS 5, whereas the proportion of ICA was numerically higher in ASPECTS 5, which may explain the relatively lower rate of successful recanalization in ASPECTS 5.
The strengths of our study lie in its multicenter setting and relatively intact data. However, certain limitations require attention. First, as this is a retrospective study, there was no united protocol for treatment in these centers, and neurointerventionists' skills may also affect the results. Second, the sample size was relatively small. However, most centers treat patients according to guidelines; patients with ASPECT 5 were not given EVT, thus very limited patients with ASPECT 5 were involved in the study. Therefore, our study was currently the largest study to involve this group of patients. Moreover, this is the first study to compare the outcomes in patients with ASPECT 5 and patients with ASPECT 6.
In conclusion, ASPECTS 5 has very little chance to reach good functional outcome in Chinese patients with anterior circulation large-artery occlusive stroke. Further studies with large sample sizes are needed.
